Abstract
Introduction
A well-known property of the catenary curve
is that the ratio of the area under the curve to the arc length of the curve is independent of the interval over which these quantities are concurrently measured. 
where k is a positive constant. 
In this paper, we consider intervals with a fixed end point, say 0. For a nonzero real number x, we denote by x I the interval defined by
We also denote by ( ) ( )
and
the area under the graph of ( ), Recently, the following characterization was established [5, 11] . See also the recent paper [1] .
Proposition 1.3. For a nonconstant positive
on an interval I containing 0, the following are equivalent:
In Section 3, we prove the following characterization theorem for catenary curves: (1) For every nonzero real number 
where λ is a constant. Then, for the function ( ) ( ) , In order to find the centroid of polygons, see [4] . For the perimeter centroid of a polygon, we refer [3] . In [12] , mathematical definitions of centroid of planar bounded domains were given. For various centroids of higher dimensional simplexes, see [13] . The relationships between various centroids of a quadrangle were given in [7, 10] .
Various Centroids and Some Characterizations of Catenaries 1191
Archimedes proved the area properties of parabolic sections and then formulated the centroid of parabolic sections [15] . Some characterizations of parabolas using these properties were given in [6, 8, 9 ].
Some Lemmas
In this section, we prove a lemma which is useful in the proof of ( ) ( ) ( ) 
we have ( )
Proof. Suppose that ( ) 
On the open set , 0 I differentiating (2.6) with respect to x gives
Together with (2.1), this shows that
It follows from (2.8) that on the open set 1 I defined by where we put
Note that ( ) Combining the above two cases completes the proof of (1) ⇒ (2).
Conversely, it follows from Proposition 1.2 that (2) ⇒ (1). This completes the proof of Theorem 1.4.
